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In this work, the conversion of linear polarization of a laser beam to circular one through its for-
ward scattering by a TeV order charged lepton beam in the presence of Lorentz violation correction
is explored. We calculate the ratio of circular polarization to linear one (Faraday Conversion phase
∆φFC) of the laser beam interacting with either electron or the muon beam in the framework of the
quantum Boltzmann equation. Regarding the experimentally available sensitivity to the Faraday
conversion ∆φFC ' 10−3−10−2, we show that the scattering of a linearly polarized laser beam with
energy k0 ∼ 0.1 eV and an electron/muon beam with flux ¯e,µ ∼ 1010/1012 TeV cm−2 s−1 places
an upper bound on the combination of lepton sector Lorentz violation coefficients cµν components
(cTT + 1.4 c(TZ) + 0.25(cXX + cY Y + 2 cZZ). The obtained bound on the combination for the
electron beam is at the 4.35× 10−15 level and for the muon beam at the 3.9× 10−13 level. It should
be mentioned that the laser and charged lepton beams considered here to reach the experimentally
measurable ∆φFC are currently available or will be accessible in the near future. This study pro-
vides a valuable supplementary to other theoretical and experimental frameworks for measuring and
constraining Lorentz violation coefficients.
I. INTRODUCTION
Usually, radiation can be both linearly and circularly polarized. It is well known that when initially unpolarized
photon scatters off a free electron through Compton scattering, it results in linear polarization but not circular polar-
ization of the scattered radiation. However, it is shown that Compton scattering in the presence of external background
fields similar to strong magnetic fields [1–4] or theoretical (non-trivial) backgrounds such as non-commutativity in
space-time [2, 5, 6] and Lorentz symmetry violation [2], can produce circular polarization. Moreover, nonlinear effects
such as the nonlinear Euler-Heisenberg effect can cause converting of photons from linear polarization to circular
polarization [3, 7, 8]. In this paper, we consider Compton scattering through the collision of laser photons and high-
energy charged lepton beams in the presence of Lorentz violation (LV) effects to study the generation of circular
polarization in an Earth-based laboratory. Lorentz symmetry is a fundamental symmetry of the standard model in
flat space-time and quantum field theory. However, it can be violated by an underlying theory at Planck scale [9, 10].
There are many theories in which the Lorentz symmetry is violated spontaneously, such as string theory [11–13], quan-
tum gravity [14–17] and non-commutative space-time [18–20]. Meanwhile, it is also possible to study LV in a general
model-independent way in the context of effective field theory known as the Standard Model extension (SME). In
the SME Lagrangian, the observer Lorentz symmetry (i.e. change of coordinate) is obeyed while the particle Lorentz
symmetry (i.e. boosts on particles and not on background fields) is violated [21, 22]. The SME contains all feasible
Lorentz breaking operators created by known fields of the standard model of dimension three or more. These operators
are contracted with coefficients representing backgrounds and preferred directions in space-time [21, 23, 24] and can
describe small Lorentz symmetry violation at available energies. Generally, the number of coefficients is infinite. By
the way, it is possible to choose a minimal subset of the SME with finite coefficients. The minimal SME contains
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2renormalizable operators which are invariant under the gauge group of the standard model, SU(3) × SU(2) × U(1).
In recent years, new studies have provided new types of constraints on the LV parameters [25–29]. Among them
astrophysical [30–32] and Earth [33–35] systems have shown stronger bounds on the LV parameters [36]. Observation
of circularly polarized photons in lepton and photon scattering can be a proof of LV and might result in new physics
beyond the standard model. In contrast, constraints on circular polarization might improve the available bounds on
the parameters of the SME.
The paper is organized as follows: In section II we briefly introduce the Stokes parameter formalism and the
generalized Boltzmann equation. In section III we study the effect of LV on the collision of the relativistic lepton
beam (electron/muon) and the laser. In section IV we give the value of the FC phase of the laser beam through this
interaction. Finally, we discuss the results in the last section.
II. STOKES PARAMETERS AND QUANTUM BOLTZMANN EQUATION
Normally, the polarization of a laser beam can be described by the well-known Stokes parameters coming in four
dimensions, I, Q, U and V. I denotes the intensity of the laser beam, V shows the difference between left- and right-
circular polarization Q and U indicate the linear polarization. Q is defined by the intensity difference between the
polarized components of the electromagnetic wave in the direction of the x and y axes. U quantifies the discrepancy
between 45◦ and 135◦ counted from the positive x axis, to the reference plane [37]. The linear polarization can also
be shown by vector P ≡
√
Q2 + U2 [38]. The Stokes parameters can be specified by a superposition of two opposite,
right- and left-hand, circular polarization contributions, (Rˆ) and (Lˆ),:
EL = E0L cos[ω0t− φL], ER = E0R cos[ω0t− φR]. (1)
The Stokes parameters can be defined as
I ≡ 〈E2L〉+ 〈E2R〉,
Q ≡ 〈2ELER cos(φR − φL)〉 ,
U ≡ 〈2ELER sin(φR − φL)〉 ,
V ≡ 〈E2R〉 − 〈E2L〉, (2)
where the phase shift (∆φ = φR − φL) is phase difference between left- and right- hand circularly polarized waves.
This phase shift is known as a Faraday rotation (FR); it causes mixing of the Stokes parameters Q and U as follows:
U˙ = −2Qd∆φFR
dt
and Q˙ = −2U d∆φFR
dt
, (3)
If the linearly polarized light propagates via the cold magnetized plasma, its polarization rotates and Faraday rotation
will occur. Simultaneously, charged particles passing through the cold plasma emit cyclotron radiation which is
circularly polarized [37]. Now the phase difference(∆φ = φR − φL) results in mixing between the U and V Stokes
parameters, known as Faraday conversion(FC). The evolution of the Stokes parameter V given by this mechanism is
obtained [1, 39]:
V˙ = 2 U
d∆φFC
dt
, (4)
where ∆φFC is the FC phase. Generally, light traversing a relativistic plasma undergoes both FC and FR.
Let us consider an ensemble of photons which is described by the density matrix ρij ≡ (|i >< j |/trρ). The density
matrix can be written based on the Stokes parameters as
ρ =
1
2
(
I +Q U − iV
U + iV I −Q
)
. (5)
The density matrix ρij is related to the number operator Dˆij(p) = aˆ†i (p)aˆj(p) as
〈Dˆij(p)〉 = (2pi)32p0δ(3)(0)ρij(p). (6)
In order to figure out the time evolution of the density matrix (Stokes parameters), it is convenient to use the
Heisenberg equation
d
dt
D0ij(p) = i[HI ,D0ij(p)], (7)
3where HI is the interacting Hamiltonian of photons with the standard model particles. Obtaining the expectation
value of Eq. (7) and replacing with Eq. (6), the Boltzmann equation for the number operator of photons in terms of
the density matrix elements ρij and Stokes parameters can be written as [37]
(2pi)3δ3(0)2 p0
d
dt
ρij(0,p) = i〈[H0I (t), Dˆij(p)]〉 −
∫
dt〈[H0I (t), [HI(0), Dˆij(p)]]〉. (8)
Here we consider only the contribution of photons and charged leptons to the interacting Hamiltonian. The first term
on the right-handed side is a forward scattering term and the second one is a higher order collision term. Forward
scattering means most of the photons travel straightforwardly without changing the momentum. Considering Compton
scattering as the dominant process in the standard model, the time evolution of the circular polarization is zero, V˙ = 0.
However, we will show in the following that the SME as the background for Compton scattering can generate circular
polarization. In general, the interacting Hamiltonian for the photon-charged lepton beam interaction up to leading
order is given by [23]
H0I =
∫
dqdq′dpdp′(2pi)3δ3(q′ + p′ − p− q) exp[i(q′0 + p′0 − q0 − p0)t]
[
b†r′a
†
s′(M)asbr
]
, (9)
where br(p) and b
†
r′(p) are the charged fermion annihilation and creation operators, M is the amplitude of the scat-
tering matrix, dp ≡ d3p(2pi)3 12p0 and dq ≡ d
3q
(2pi)3
mf
q0 are the phase spaces of the photon and charged lepton, respectively,
with similar definitions for dp′ and dq′.
III. THE GENERATION OF CIRCULAR POLARIZATION IN THE SME
We express the scattering amplitude M of the laser beam photons and charged lepton beam in the presence of an
LV background by using the minimal SME Lagrangian in the QED sector [24]:
LLVQED = ψ¯[iΓµ
←→
D
µ −M ]ψ − 1
4
FµνFµν − 1
4
(kF )αβµνF
αβFµν +
1
2
(kAF )
ααβµνA
βFµν , (10)
where Dµ is the usual covariant derivative, ψ is the charged lepton field with
M = m+ aµγ
µ − bµγµγ5 + 1
2
Hµνσ
µν + im5γ
5,
Γµ = γµ + cµνγ
ν − dµνγνγ5 + eµ + ifµγ5 + 1
2
gανµσ
αν , (11)
where γµ is the usual Dirac matrices and parameters {cµν , dµν , aµ, bµ, Hµν} denote LV lepton sector coefficients and
{(kF )αβµν , (kAF )α} are the photon sector LV coefficients. Setting the coefficients equal to zero leads to the usual
Dirac Lagrangian. LV coefficients emerging in M are mass-like terms and important at low energies and can easily be
neglected at high energies, whereas the parameters in Γµ which are momentum-like are considerable at high energies.
In the laser and the fermion beam interaction at high energy we only are required to consider the parameters cµν and
dµν in electron LV sector which are dominant. These parameters are Hermitian coefficients, dimensionless with both
symmetric and asymmetric space-time components.
Considering Eqs,(9) and (10), the time evolution of the density matrix components is given as follows [2]:
2k0
d
dt
ρij =
e2
mf
∫
dqnf (x,q) [δsiρrj(k)− δrjρis(k)]
[ 1
2k · q
{
cµνsµ
(
q · krν − q · ∗r kν
)
+ cνµ∗rµ
(
q · ksν − q · s kν
)
+ cνµqµ
(
q · s∗rν + q · ∗rsν
)}
+
2cνµ
(q · k)2
×
(
qµqν + kµkν
)(
q · s q · ∗r
)]
, (12)
where nf (x,q) indicates the distribution function of charged lepton, 
s/r
µ (k)s are the photon polarization states with
s, r = 1, 2. The energy density εf (x), the number density nf (x) and the averaged momentum q¯ of the leptons are
defined as
nf (x)
q¯
=
∫
d3q
(2pi)3
nf (x,q)
q
, nf (x) =
∫
d3q
(2pi)3
nf (x,q),
εf (x) = gf
∫
d3q
(2pi)3
q0 nf (x,q), (13)
4where gf is the number of spin states. In the calculation, we assume nf (x, q¯) ∼ exp[−|q− q¯|/|q¯|] for charged lepton
beam, which means that most of the leptons are moving with the same momentum q ' q¯ and in the same direction.
We should note that at forward photon-lepton scattering, the term including the dµν correction does not generate any
circular polarization, i.e. V˙ = 0 [2]. However, dµν may contribute to circular polarization in a higher order correction,
which is proportional to (dµν)
2 and negligible. Hence, cµν is the only source of LV which we will consider below.
From many phenomenological points of view, it is more convenient to consider cµν as a symmetric and traceless
tensor, therefore having nine independent components for the c coefficients. In fact, the anti-symmetric part at
leading order is equivalent to the redefinition in the representation of the Dirac matrices [40]. Therefore the physical
quantities are independent of the anti-symmetric part of the c coefficient at leading order. Then the time evolution
of the Stokes parameters given in Eq. (5) is obtained as follows: [2]
I˙(k) = 0 , V˙ (k) = ρQQ(k) + ρU U(k)
Q˙(k) = −ρQ V (k) , U˙(k) = −ρU V (k). (14)
Solving the above coupled equations leads to
V¨ = ρ˙QQ+ ρ˙UU − ρ2V, (15)
with
ρQ = − ie
2
2k0m
∫
dq nf (x,q)
cSµν
4(q · k)2
[
2(q · k)2(2µ1ν + 1µ2ν) + q · k
(
q · 2((qµ − kµ)1ν
+ (qν − kν)1µ
)
+ q · 1((qµ − kµ)2ν + (qν − kν)2µ))+ 8 (q · 1q.2)(qνqµ + kνkµ)],
ρU =
ie2
2k0m
∫
dq nf (x,q)
cSµν
4(q · k)2
[
2(q · k)2(1µ1ν − 2µ2ν) + q · k
(
q · 2((kµ − qµ)2ν
+ (kν − qν)2µ
)
+ q · 1((qµ − kµ)1ν + (qν − kν)1µ))+ 4 (q · 1q · 1 − q · 2q · 2)(qνqµ + kνkµ)] (16)
and ρ =
√
ρ2Q + ρ
2
U , c
Sµν means the symmetric part of cµν tensor, q and k are the momenta of leptons and photons,
respectively. In particular, available bounds on coefficients of the SME are given in the Standard Sun-centered non-
rotating inertial reference frame. However, the experimental set up is usually managed based on the Earth. Therefore,
for parameterizing our result, it is necessary to introduce Cartesian coordinates on the Earth frame and suitable basis
of vectors for a non-rotating frame. Let us define a coordinate system in three-dimensional space. (Xˆ, Yˆ , Zˆ) shows
the non-rotating basis in which Zˆ points along the Earth’s axis on the north direction. Then the non-relativistic
transformation to a lab basis (xˆ, yˆ, zˆ) at any time t is given by [41]xˆyˆ
zˆ
 =
cosχ cos Ωt cosχ sin Ωt − sinχ− sin Ωt cos Ωt 0
sinχ cos Ωt sinχ sin Ωt cosχ
XˆYˆ
Zˆ
 , (17)
where Ω ' 2pi/(23h 56 min) is the sidereal rotation frequency of the Earth and χ = Zˆ · zˆ varies as 0 ≤ χ ≤ pi. In
order to specify the direction of Earth-based frame we identify the equator and north pole as χ = pi/2 and χ = 0,
respectively. When χ = 0, then Zˆ||zˆ and hence zˆ indicates a normal to the surface of Earth, when χ = pi/2, the xˆ
is anti-parallel to Zˆ. Therefore xˆ and yˆ point south and east, respectively. The time is chosen in such a way that
zˆ(t = 0) stays in the quadrant of the Zˆ − Xˆ surface. Since the lab frame rotates with rotation of the Earth, the LV
components on the Earth will depend on location and time i.e. the experimental observable would vary with time
5TABLE I: Experimental bounds on components of c.
cµν Experimental bounds system
cTT 2× 10−15 Collider physics [42]
cY Y 3× 10−15 Astrophysics [40]
cZZ 5× 10−15 Astrophysics [40]
c(XY ) 3× 10−15 Astrophysics [40]
c(Y Z) 1.8× 10−15 Astrophysics [40]
c(XZ) 3× 10−15 Astrophysics [40]
c(TX) − 30× 10−14 Collider physics [42]
c(TY ) − 80× 10−15 Collider physics [42]
c(TZ) − 11× 10−13 Collider physics [42]
and location. By transforming the time-like and space-like vectors of the tensor cµν we obtain
c00 = cTT ,
c22 = cos
2 χ
(
cXX cos
2 Ωt+ (cXY + cY X) sin Ωt cos Ωt+ cY Y sin
2 Ωt
)− sinχ cosχ(cXZ + cZX) cos Ωt
+ (cY Z + cZY ) sin Ωt) + cZZ sin
2 χ,
c33 = cXX sin
2(Ωt)− (cXY + cY X) sin Ωt cos Ωt+ cY Y cos2 Ωt,
c(01) = cosχ((cTX + cXT ) cos Ωt+ (cTY + cY T ) sin Ωt)− (cTZ + cZT ) sinχ,
c(02) = (cTY + cY T ) cos Ωt− (cTX + cXT ) sin Ωt,
c(03) = sinχ(cTX + cXT ) cos Ωt+ (cTY + cY T ) sin Ωt) + (cTZ + cZT ) cosχ,
c(12) = cosχ((cY Y − cXX) sin 2Ωt+ (cXY + cY X) cos 2Ωt) + sinχ((cXZ + cZX) sin Ωt− (cY Z + cZY ) cos Ωt),
c(13) = sin 2χ
(
cXX cos
2 Ωt+ (cXY + cY X) sin Ωt cos Ωt+ cY Y sin
2 Ωt− cZZ
)
+ cos2 χ(cXZ cos Ωt+ cY Z sin Ωt)
− sin2 χ(cXZ cos Ωt+ cY Z sin Ωt) + cos2 χ(cZX cos Ωt+ cZY sin Ωt)− sin2 χ(cZX cos Ωt+ cZY sin Ωt),
c(23) = sinχ((cY Y − cXX) sin 2Ωt+ (cXY + cY X) cos 2Ωt) + cosχ((cY Z + cZY ) cos Ωt− (cXZ + cZX) sin Ωt), (18)
where c(ij) = cij + cji with i, j = 0, ..., 3. The time dependence of the LV parameter causes a day-night asymmetry
in FC. However, the interaction of a photon with the lepton beam occurs at a very short time of order ∆tI ≈
10−15 − 10−14s which we will show in the following. At this period of time, rotation of Earth is negligible and the
components of cµν are not changing during this time. However, as seen from Eq. (18), the time of performing the
experiment during the day-night might have impact on the experimental results.
As explained above the ρQ and ρU given in Eq(16) are almost independent of interaction time. Therefore, the above
differential equations (Eq(15)) reduce to
V¨ + ρ2V = 0. (19)
The general solution for above equation is
V (tI) = A sin(ρ tI) + B cos(ρ tI); (20)
On applying the initial condition at tI = 0, V (0) = 0, for a totally linear polarized laser beam, Eq. (4) can be
rewritten as follows:
∆φFC =
ρQQ0 + ρU U0
2ρ
sin
(
ρ∆tI
)
, (21)
where ∆tI is the time that the beams are interacting. Considering Eq(16), we obtain
∆φFC ∼ N sin
( 3
16
m2e σT
αk0 q0
√
(w2Q + w
2
U )
¯i(x, q¯)
q0
∆tI
)
, (22)
with
wU = −2 (q · 
1q · 1 − q · 2q · 2)(q · cS · q + k · cS · k)
(q · k)2 ,
wQ = 4
q · 1q · 2(q · cS · q + k · cS · k)
(q · k)2 . (23)
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FIG. 1: FC phase ∆φ|LV (left panel) for the electron beam (right panel) muon beam, interacting with the laser beam in the
time versus θ plane with ϕ = χ = pi
4
.
Here we should note that in deriving the above equations, we only consider dominant terms in Eq. (16), and the
normalization factor is N = wQQ0+wUU0√
w2U+w
2
Q
.
IV. SET UP OF LASER AND CHARGED BEAMS COLLISION
In the lab frame, we set the direction kˆ and polarization vectors ~s(k) of the incident laser beam photons in the
observer’s Minkowskian frame coordinate system as follows:
kˆ = (sin θ cosϕ, sin θ sinϕ, cos θ),
~1(k) = (cos θ cosϕ, cos θ sinϕ,− sin θ),
~2(k) = (− sinϕ, cosϕ, 0), (24)
in which kˆ =
~k
|k| makes an angle of θ with the z-axis and the 4-vector momentum of charged lepton q has been
assumed to be in the zˆ-direction.
There are some charged lepton beams with different energies and luminosity. The most appropriate charged lepton
beams for our purpose are the future muon and electron beams available at colliders such as multi-TeV muon collider,
Muon Accelerator Program (MAP) [43, 44], electron-positron International Linear Collider (ILC) [45] and Compact
Linear Collider (CLIC), which is planned to obtain a center of mass energy up to
√
s = 3 TeV [46, 47].
The basic picture of our experiment is fairly simple. We measure the generation of circular polarization for the laser
beam via its forward scattering with the charged lepton beam in the presence of LV effects. Equation (22) shows that in
order to generate a wide range of circularly polarized photons, the intensity of the lepton and laser beam should be large
enough. However, in high-intensity laser, the effects of the magnetic part of the Lorentz force on the charged lepton
become important. In this case, the magnetic field as a trivial background will produce circular polarization[1, 2].
Moreover, at strong electromagnetic fields, the nonlinear Compton scattering effect become significant [48]. In addition
to the collision of the laser beam with an electron high-energy beam, photons would possibly obtain high energy by
back-scattering off the high-energy electron beam, i.e. we have inverse Compton scattering. Therefore, pair production
is possible as a result of Breit-Wheeler reaction. However, the mentioned effects using a low-intensity laser beam are
negligible and can safely be ignored. Another point is that low-intensity lasers are available sources of monochromatic
radiation. They are lightweight and low-cost devices.
While electromagnetic fields and the coherent time duration of the laser pulse increase, the number of laser photons
colliding with an electron beam will increase as well. Moreover, forward scattering of linearly polarized photons
on polarized lepton such as the electron can cause the circular polarization of photons [49]. To reduce unwanted
backgrounds effects as explained above, which are particularly important at high frequencies and intensities, we
assume the lepton beam is nearly unpolarized and the laser beam has a low intensity and energy. As shown in Eq.
(14), in addition to FC, FR also results by forward scattering in the presence of LV effects.
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FIG. 2: FC phase, ∆φ|LVe as a function of scattering angle θ for four different times during a day-night. We have taken
ϕ = χ = pi
4
.
We consider a typical relativistic electron beam with energy of order of Ee ∼ O (TeV), the number of electron per
bunch is ne ∼ O(1010cm−3) and the size of beam bunch is of the order ∼ O(µm). The average energy of flux per
bunch can be estimated as [5]
¯e(x, q¯) ≈ |q¯|ne(x, q¯)c ∼ 1010 TeV/(cm2s), (25)
which is normalized to the number density of the electrons ne. The interacting time ∆tI can be obtained by taking
into account the size of two beams at the interacting point as ∆d ' c ∆tI , where ∆d is the spatial interval of the
interacting spot. It means that the beam with a larger size would be more effective for our aim. Therefore, the
interaction time duration for laser and electron beam is about ∆tI ∼ 10−15 s.
Furthermore, we choose the conventional relativistic muon beam with energy order of Eµ ∼ O(TeV) and the number
of muon per bunch is supposed to be about nµ ∼ O(1012cm−3). The size of beam bunch is ∼ O(10µm) with the
interacting time ∆tI ' ∆d/c ∼ 10−14 s. the average energy of flux per bunch is given as follows:
¯µ(x, q¯) ≈ |q¯|nµ(x, q¯)c ∼ 1012 TeV/(cm2s). (26)
The LV parameters are broadly examined and there are constraints on each individual component or combinations
of some parameters. Data-table for available upper bounds on components of cµν in Sun-centered reference frame
achieved through some experiments is given in Tab.I. Considering these bounds and applying them to Eq. (22), we
display in Fig.1 the accessible order of FC ∆φ|LV in the time of day-night versus scattering angle θ plane for both
electron and muon beams interacting with the laser beam. It can be seen that the magnitude of FC for different times
of the day-night is varying a little. The time dependence of FC with the muon beam is more tangible compared to
the electron beam.
Moreover, we determine the FC phase for different components of cµν with the intention of exploring the effect of
each component of cµν coefficients on FC phase. To do that we assume that only one specific component of cµν
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FIG. 3: FC phase, ∆φ|LVµ as a function of scattering angle θ for four different times in a day-night. We have taken ϕ = χ = pi4 .
contributes in the FC phase. Therefore, the FC phase ∆φ|LVe for different components of cµν in forward scattering of
the linearly polarized laser beam with the energy k0 ∼ 0.1 eV and electron beam as a function of scattering angle θ
for four scenarios of assumptions on time free parameter: (time: 1,6,12,18) o’clock are plotted in Fig. 2. Besides, Fig.
3 represents the FC phase ∆φ|LVµ versus θ with the same assumptions for the laser beam interacting with the muon
beam. For simplicity we set ϕ = χ = pi/4 and polarization of incoming laser beam as U0 = Q0 = I0/2 in Figs. 2 and
3. I0 is the intensity of the laser beam.
V. DISCUSSION AND CONCLUSION
We finally review how the laser beam interacting with the charged lepton beams can provide a new situation to
constrain cµν coefficients. The dµν coefficient, as noted previously, has no contribution for the generation of circular
polarization via forward scattering of laser and charged lepton beams.
As our results depend on the direction of the beams, the time of performing the experiment and location of the
lab, there might be an optimal beam direction, performing time and position for the lab to observe the cµν effects.
As an example, the FC phases are obtained for four scenarios with assumptions on time with φ = χ = pi/4. The
energy of the linearly polarized laser beam is set 0.1eV and the energy of the charged lepton beam is assumed q0 = 1
TeV, the number densities of the electron and the muon beam are ne = 10
10 cm−3 and nµ = 1012cm−3, respectively.
Note these suggested charged beams are experimentally proposed [44–46]. The results are given in Figs. 2 and 3 for
four different times during the day-night. Plots show that all FC phases ∆φ|LVe,µ get their maximum values at specific
scattering angles for different components of cµν . This could be one of the most important characters of our results
to distinguish the contribution of the LV effect from other sources of circular polarization.
Based on the current constraint on the cµν components [36] and the available sensitivity level to detect circular
polarization or FC phase [50, 51, 53], the estimated total FC phase is in the range of current experimental precision.
It should be emphasized that we do not need to use very high-intensity laser beams which would help us to avoid
9TABLE II: Location dependence of the independent components of cµν .
Parameters Location Dependence
c00 cTT
c22
cXX+cY Y
2
c33
1
2
(
(cXX + cY Y ) sin
2(χ) + 2cZZ cos
2(χ)
)
c(12) 0
c(13) sinχ cosχ(cXX + cY Y − 2cZZ)
c(23) 0
c(01) −c(TZ) sinχ
c(02) 0
c(03) c(TZ) cosχ
other background effects.
Moreover, as seen from Fig.1, the magnitude of the FC phase is very slightly varying at different times of day-night.
Besides, the experimental time-dependent data is not currently available. Therefore, for presenting attainable results
with current technology, averaging over the time seems reasonable. For reader’s convenience the components of cµν ,
after time averaging, in Earth coordinates and on the non-rotating frame, are given in Tab.II. According to Tab.II,
the coefficients c00 and c22 after time averaging no longer depend on Earth’s latitude and the laboratory location χ.
Time averaging of the c(12), c(23), c(01) components leads to vanishing values as < cos Ωt > and < sin Ωt > are equal to
zero. However, as depicted in Figs. 2 and 3, the magnitudes of those components are very small before time averaging
and out of reach with current sensitivity.
We estimate the bounds on a combination of cµν components contributing to the FC phase based on available
accuracy on the FC phase ∆φ ∼ 10−3 − 10−2rad [52]. Assuming the same typical linearly polarized laser beam
interacting with the electron beam as mentioned above and φ = χ = pi/4, we find a bound of 4.35 × 10−15 on
[cTT + 1.4 c(TZ) + 0.25(cXX + cY Y + 2 cZZ)]. For the muon beam we obtain a looser bound of 3.9 × 10−13 on
[cTT + 1.4 c(TZ) + 0.25(cXX + cY Y + 2 cZZ)]. While the LV components in Eq. 18 depend on both location of
laboratory and time of the experiment, it would be possible to find various constraints on a combination of the cµν
components at different locations and times. Moreover, by improving the sensitivity of the experiment to FC in the
future, the obtained bounds will be improved.
We should also mention that any backgrounds can be a possible source to generate circular polarization. For
example, in addition to the LV correction to Compton scattering, interaction of photon with a LV background can
also create circular polarization which is linearly proportional to the LV coefficient for the photon sector of kF [2] and
kAF [50]. This effect does not modify the Compton scattering but the dynamics of the laser beam can be influenced
[2]. Briefly we ensure that our study provides a valuable supplement to other theoretical and experimental frameworks
for improving the available constraints on the LV coefficients.
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